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(54) IMAGE PROCESSING METHOD AND APPARATUS, AND SERVER AND MEDIUM

(57) An image processing method and apparatus,
and a server and a medium. The method comprises: in
response to an operation event regarding a target game
running in a target container, acquiring a target shading
code corresponding to the operation event (S201); ac-
quiring, from game resources, a target compilation result
of the target shading code, wherein the game resources
comprise at least one of the following: a game mirror
image of the target game, and a target shared directory

between the target container and an associated contain-
er of the target container, and the target shared directory
comprises a first compilation result obtained by means
of the associated container compiling at least one shad-
ing code during the game running process (S202); and
performing graphic processing according to the target
compilation result to obtain a feedback image corre-
sponding to the operation event (S203).
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Description

RELATED APPLICATION

[0001] This application claims priority to Chinese Pat-
ent Application No. 202010704005.8, entitled "IMAGE
PROCESSING METHOD AND APPARATUS, SERVER,
AND MEDIUM" and filed with the China National Intel-
lectual Property Administration on July 21, 2020, which
is incorporated herein by reference in its entirety.

FIELD OF THE TECHNOLOGY

[0002] This application relates to the field of Internet
technologies, specifically, to the field of image processing
technologies, and in particular, to an image processing
method, an image processing apparatus, a server, and
a computer storage medium.

BACKGROUND OF THE DISCLOSURE

[0003] With the development of Internet technologies,
cloud gaming has attracted much attention. The cloud
gaming may also be referred to as gaming on demand,
and is a gaming mode based on cloud computing. The
cloud computing is an Internet-based computing mode.
Cloud gaming technology allows a client device with rel-
atively limited graphic processing and data computing
capabilities to run a high-quality game. In a cloud gaming
scenario, a game is run on a cloud server instead of a
game client of a player. The cloud server renders a game
scene into video and audio streams, and transmits the
video and audio streams to the game client of the player
through a network for playback. The game client of the
player does not need to have high graphic processing
and data computing capabilities, and only needs to have
a basic streaming playback capability and a capability of
obtaining an input instruction of the player and sending
the input instruction to the cloud server.
[0004] For a cloud game, a duration consumed during
game running is an important indicator for measuring a
running speed of the cloud game. When the duration con-
sumed during game running is longer, the running speed
of the cloud game is slower. When the duration con-
sumed during game running is shorter, the running speed
of the cloud game is faster. In view of this, how to shorten
the duration consumed during game running to increase
the running speed of the cloud game has become a re-
search hotspot.

SUMMARY

[0005] Embodiments of this application provide an im-
age processing method and apparatus, a server, and a
medium, to effectively shorten a duration of compiling a
target shader code, thereby effectively increasing the
running speed of a target game.
[0006] According to an aspect, an embodiment of this

application provides an image processing method, in-
cluding:

obtaining, in response to an operation event of a tar-
get game running in a target container, a target shad-
er code corresponding to the operation event;

obtaining a target compilation result of the target
shader code from a game resource, the game re-
source including at least one of the following: a game
mirror of the target game and a target shared direc-
tory between the target container and an associated
container of the target container, the target shared
directory including a first compilation result obtained
by compiling, when running the game, at least one
shader code by the associated container; and

performing graphic processing according to the tar-
get compilation result, to obtain a feedback image
corresponding to the operation event.

[0007] According to another aspect, an embodiment
of this application provides an image processing appa-
ratus, including:

an obtaining unit, configured to obtain, in response
to an operation event of a target game running in a
target container, a target shader code corresponding
to the operation event,

the obtaining unit being further configured to obtain
a target compilation result of the target shader code
from a game resource, the game resource including
at least one of the following: a game mirror of the
target game and a target shared directory between
the target container and an associated container of
the target container, the target shared directory in-
cluding a first compilation result obtained by compil-
ing, when running the game, at least one shader
code by the associated container; and

a processing unit, configured to perform graphic
processing according to the target compilation re-
sult, to obtain a feedback image corresponding to
the operation event.

[0008] According to still another aspect, an embodi-
ment of this application provides a server including an
input interface and an output interface. The server further
includes:

a computer storage medium, configured to store one
or more instructions; and
a processor, configured to load the one or more in-
structions stored in the computer storage medium,
to perform the following steps:

obtaining, in response to an operation event of
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a target game running in a target container, a
target shader code corresponding to the opera-
tion event;

obtaining a target compilation result of the target
shader code from a game resource, the game
resource including at least one of the following:
a game mirror of the target game and a target
shared directory between the target container
and an associated container of the target con-
tainer, the target shared directory including a
first compilation result obtained by compiling,
when running the game, at least one shader
code by the associated container; and

performing graphic processing according to the
target compilation result, to obtain a feedback
image corresponding to the operation event.

[0009] According to yet another aspect, an embodi-
ment of this application provides a computer storage me-
dium, storing one or more instructions, the one or more
instructions being configured to be loaded by a processor
to perform the following steps:

obtaining, in response to an operation event of a tar-
get game running in a target container, a target shad-
er code corresponding to the operation event;

obtaining a target compilation result of the target
shader code from a game resource, the game re-
source including at least one of the following: a game
mirror of the target game and a target shared direc-
tory between the target container and an associated
container of the target container, the target shared
directory including a first compilation result obtained
by compiling, when running the game, at least one
shader code by the associated container; and

performing graphic processing according to the tar-
get compilation result, to obtain a feedback image
corresponding to the operation event.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] To describe the technical solutions in the em-
bodiments of this application more clearly, the following
briefly introduces the accompanying drawings required
for describing the embodiments. Apparently, the accom-
panying drawings in the following description show only
some embodiments of this application, and a person of
ordinary skill in the art may still derive other drawings
from these accompanying drawings without creative ef-
forts.

FIG. 1a is a diagram of a system architecture of a
cloud gaming system according to an embodiment
of this application.

FIG. 1b is a schematic diagram of a connection be-
tween an edge server and a plurality of game clients
according to an embodiment of this application.

FIG. 1c is a schematic diagram of transmitting a
game picture to a game client for display according
to an embodiment of this application.

FIG. 2 is a schematic flowchart of an image process-
ing method according to an embodiment of this ap-
plication.

FIG. 3a is a schematic diagram of producing a game
mirror according to an embodiment of this applica-
tion.

FIG. 3b is a schematic diagram of mounting a target
shared directory according to an embodiment of this
application.

FIG. 3c is another schematic diagram of mounting a
target shared directory according to an embodiment
of this application.

FIG. 3d is still another schematic diagram of mount-
ing a target shared directory according to an embod-
iment of this application.

FIG. 3e is yet another schematic diagram of mount-
ing a target shared directory according to an embod-
iment of this application.

FIG. 4 is a schematic flowchart of another image
processing method according to another embodi-
ment of this application.

FIG. 5a is a schematic diagram of mounting a target
shared directory according to another embodiment
of this application.

FIG. 5b is another schematic diagram of mounting
a target shared directory according to another em-
bodiment of this application.

FIG. 5c is still another schematic diagram of mount-
ing a target shared directory according to another
embodiment of this application.

FIG. 5d is yet another schematic diagram of mount-
ing a target shared directory according to another
embodiment of this application.

FIG. 5e is a schematic diagram of caching a target
compilation result according to an embodiment of
this application.

FIG. 6 is a schematic structural diagram of an image
processing apparatus according to an embodiment
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of this application.

FIG. 7 is a schematic structural diagram of a server
according to an embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0011] Technical solutions in embodiments of this ap-
plication are clearly and completely described below with
reference to the accompanying drawings in the embod-
iments of this application.
[0012] To better run a cloud game, an embodiment of
this application provides a cloud gaming environment. In
the cloud gaming environment, a plurality of operating
systems may be run on an independent server (for ex-
ample, a server with an architecture such as an ARM
architecture or an x86 architecture) by running a system
container, and related images are transmitted to a remote
receiving program through a video stream for processing.
The ARM architecture is a processor architecture of a
32-bit or 64-bit reduced instruction set, and the x86 ar-
chitecture is a computer language instruction set execut-
ed by a microprocessor. The container refers to a virtu-
alized type on an operating system level and may be
configured to carry an operating system. The container
may be implemented by using an isolation mechanism
(for example, a namespace). In a kernel mode, a plurality
of operating systems (that is, a server operating system
and a device operating system) share a same kernel;
and in a user mode, the plurality of operating systems
remain independent of each other. The server operating
system refers to a general-purpose operating system, for
example, a Linux operating system in the server. A host
on which the server operating system resides may be
referred to as a server host. The device operating system
refers to an operating system, for example, an Android
operating system, an IOS operating system, or the like
in the container.
[0013] Correspondingly, the system container refers
to an exemplary container and may be run based on the
server operating system (for example, the Linux operat-
ing system). For example, the system container may be
an Android container running on an open-source Linux
operating system, and a plurality of Android containers
may simultaneously run on one Linux operating system.
An Android game mirror is loaded by the Android con-
tainer. The Android game mirror refers to a mirror file
including both basic Android-related files and game-re-
lated files. The mirror refers to a file storage form in which
a plurality of files are combined into a single mirror file
by using the mirror to facilitate distribution and use of the
files. It is to be understood that the system container men-
tioned in this embodiment of this application is not limited
to the Android container. For example, the system con-
tainer may also be an IOS container when the IOS op-
erating system supports open-source research and de-
velopment. Based on the above, in the cloud gaming en-
vironment provided in this embodiment of this applica-

tion, a large quantity of system containers may be de-
ployed on an independent server, and powerful capabil-
ities of a central processing unit (CPU) and a graphics
processing unit (GPU) on a server side may be fully used,
to implement highly concurrent execution of system op-
erations, thereby increasing the running speed of the
cloud game.
[0014] Based on the cloud gaming environment men-
tioned above, an embodiment of this application provides
a cloud gaming system. Referring to FIG. 1a, the cloud
gaming system may include at least one edge server 11
and a plurality of game clients 12. The edge server 11
refers to a server configured to run the system container.
The server may be any independent physical server, or
may be a cloud server that provides basic cloud comput-
ing services such as a cloud service, a cloud database,
cloud computing, a cloud function, cloud storage, a net-
work service, cloud communication, a middleware serv-
ice, a domain name service, a security service, a content
delivery network (CDN), big data, and an AI platform. As
shown in FIG. 1b, at least one system container may be
deployed inside each edge server 11, and each system
container may be connected to at least one game client
12. The each system container may be configured to run
one or more games, and in a process of running any
game, the each system container may transmit a game
picture of the any game to the game client 12 to which
the system container is connected for display. The game
client 12 may be any terminal device (which is referred
to as a terminal for short) having basic capabilities such
as a streaming playback capability, a man-machine in-
teraction capability, and a communication capability, for
example, a smartphone, a tablet computer, a notebook
computer, a desktop computer, a smart television, or the
like. Alternatively, the game client 12 may be an applica-
tion (APP) running on the terminal device. It is to be un-
derstood that, FIG. 1a exemplarily shows a system ar-
chitecture of a cloud gaming system and is not intended
to limit a specific architecture of the cloud gaming system.
For example, in other embodiments, the cloud gaming
system may further include a mirror server configured to
produce the game mirror, and the like.
[0015] One or more cloud games may be run based
on the foregoing cloud gaming system. A running princi-
ple of any cloud game is as follows: after a game mirror
of a cloud game is produced, the game mirror of the cloud
game may be deployed inside an edge server, so that
the edge server may enable a corresponding system con-
tainer by loading the game mirror. When receiving a con-
nection request related to the cloud game sent by a game
client, the edge server may allocate a corresponding sys-
tem container to establish a connection to the game cli-
ent. After the allocated system container and the game
client are successfully connected, the allocated system
container may run the cloud game and render a game
picture of the cloud game in real time, and then transmit
the rendered game picture to the game client through a
video stream for display, as shown in FIG. 1c. In a process
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of displaying the game picture, the game client may send
an operation event of a player for the game picture to the
corresponding system container through a data stream.
Correspondingly, the system container may be respon-
sible for capturing and rendering a render buffer zone
image (that is, a feedback image corresponding to the
operation event) corresponding to the operation event,
and returning the feedback image corresponding to the
operation event to the game client for display.
[0016] When rendering the feedback image corre-
sponding to the operation event, the system container
usually involves image processing in several stages such
as image shading, texture processing, and deformation.
In view of this, an embodiment of this application provides
a shared GPU shader cache mechanism for the image
shading, to shorten a duration of performing the image
shading, so that a rendering duration required for ren-
dering the feedback image is shortened, and a total du-
ration consumed during game running is shortened,
thereby increasing the running speed of the cloud game.
A GPU shader is a part of GPU hardware functions. When
implemented by using software, a driver of the GPU may
compile a GPU shader code written by a user into a target
code executable by the GPU. A principle of a GPU shader
cache mechanism is as follows: when a single system
container caches a compilation result obtained by com-
piling the GPU shader code by the single system con-
tainer to continuously run or rerun the cloud game in the
single system container, if a same GPU shader code
needs to be compiled by the system container, a compi-
lation process may be skipped and the compilation result
is directly used. Correspondingly, a principle of the
shared GPU shader cache mechanism is as follows: a
compilation result of a GPU shader code cached by a
single system container is shared to other system con-
tainers, so that when a same GPU shader code needs
to be compiled by the other system containers, a compi-
lation process may be skipped and the shared compila-
tion result is directly used.
[0017] In a specific implementation, the shared GPU
shader cache mechanism provided in this embodiment
of this application may mainly include the following two
mechanisms:

(1) Static shared GPU shader cache mechanism
The static shared GPU shader cache mechanism
refers to a shared mechanism in which a second
compilation result of at least one GPU shader code
is added to a game mirror, so that system containers
loading the game mirror may all share the second
compilation result. Specifically, a principle of the stat-
ic shared GPU shader cache mechanism is generally
as follows: the cloud game may be pre-run in a proc-
ess of producing the game mirror of the cloud game;
and in a process of running the cloud game, at least
one GPU shader code is compiled to obtain the sec-
ond compilation result, and then the second compi-
lation result is added to the game mirror of the cloud

game. In this way, when the game mirror of the cloud
game is deployed inside system containers in differ-
ent edge servers or different system containers in a
same edge server, system containers loading the
game mirror may all include the second compilation
result. Further, when the system containers need to
compile a GPU shader code, if the game mirror in-
cludes the second compilation results of the GPU
shader code, a corresponding second compilation
result may be directly obtained from the game mirror
to perform subsequent processing, thereby increas-
ing the running speed of a game. Based on the
above, in the static shared GPU shader cache mech-
anism, since second compilation results of the GPU
shader code are included in the game mirror, a prob-
lem of compilation result sharing between some
identical games may be resolved without mounting
an additional shared directory to the system contain-
er.

(2) Dynamic shared GPU shader cache mechanism

[0018] The dynamic shared GPU shader cache mech-
anism refers to a shared mechanism in which in the proc-
ess of running the game, a same compilation result of
the GPU shader code is shared between a plurality of
system containers by using a shared directory. In a spe-
cific implementation, a principle of the dynamic shared
GPU shader cache mechanism is generally as follows:
in a process of running system containers, a shared di-
rectory may be mounted to the system containers as a
GPU shader compilation cache directory, so that a first
compilation result of each GPU shader code compiled
by each system container in the process of running the
game may be synchronously stored in the shared direc-
tory. In this way, when a GPU shader code needs to be
compiled by a system container a, if the GPU shader
code has been compiled by other system containers and
a corresponding first compilation result has been cached
in a target shared directory, the system container a may
directly obtain the first compilation result from the target
shared directory to perform subsequent processing,
thereby increasing the running speed of the game.
[0019] In the dynamic shared GPU shader cache
mechanism, since the shared directory may be mounted
to a plurality of system containers, a compilation result
of a GPU shader code newly generated by a single sys-
tem container in a process of running a current game is
cached in the shared directory, so that the compilation
result may be dynamically shared and used by the plu-
rality of system containers in real time. The first compi-
lation result of the GPU shader code compiled by the
single system container in the process of running the
game is effectively used, to increase the running speed
of a same game or different cloud games in other system
containers. In view of this, the dynamic shared GPU
shader cache mechanism provided in this embodiment
of this application can resolve a problem of compilation
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result sharing between some identical games and re-
solve a problem of GPU shader cache sharing between
some different games.
[0020] It can be learned from the foregoing description
that, both the static shared GPU shader cache mecha-
nism and the dynamic shared GPU shader cache mech-
anism provided in this embodiment of this application can
resolve the problem of compilation result sharing be-
tween the system containers to some extent. In addition,
the cached compilation result is used to directly perform
subsequent processing without performing the compila-
tion process of the GPU shader code, so that a code
compilation duration can be effectively shortened, there-
by increasing the running speed of the cloud game. It is
to be understood that, in an actual application, two shared
GPU shader cache mechanisms provided in this embod-
iment of this application can be used alone or used in
combination. This is not limited in this embodiment of this
application.
[0021] Based on the related description of the two
shared GPU shader cache mechanisms, an embodiment
of this application provides an image processing method.
The image processing method may be performed by the
target container running in the target edge server in the
cloud gaming system mentioned above. The target edge
server is any edge server in the cloud gaming system,
and the target container is any system container running
based on a server operating system of the target edge
server. Referring to FIG. 2, the image processing method
may include the following steps S201 to S203.
[0022] S201: Obtain, in response to an operation event
of a target game running in a target container, a target
shader code corresponding to the operation event.
[0023] The operation event is detected in a game pic-
ture of the target game displayed on a target game client
that is connected to the target container. In a specific
implementation, in a process of running the target game,
the target container may send the game picture of the
target game to the target game client through a video
stream for display. Correspondingly, in a process of dis-
playing the game picture, the target game client may de-
tect whether there is an operation event of the target
game. The operation event may include, but is not limited
to: an event inputted by operating a physical control com-
ponent (such as a mouse or a keyboard), an event input-
ted by controlling movement of a gravity sensing appa-
ratus (such as a gyroscope), and an event inputted by
touching any picture content on the game picture with a
finger. After detecting the operation event, the target
game client may transmit the operation event to the target
container through a data stream. Correspondingly, after
receiving the operation event, the target container may
obtain a target shader code corresponding to the oper-
ation event.
[0024] S202: Obtain a target compilation result of the
target shader code from a game resource.
[0025] In this embodiment of this application, the game
resource may include at least one of the following: a game

mirror of the target game and a target shared directory
between the target container and an associated contain-
er of the target container. The game mirror of the target
game may be obtained based on the static shared GPU
shader cache mechanism mentioned above. The game
mirror of the target game may include a second compi-
lation result of at least one shader code (that is, a GPU
shader code) compiled by pre-running the target game,
and each second compilation result is added to the game
mirror in a process of producing the game mirror. The
target shared directory between the target container and
the associated container may be obtained based on the
dynamic shared GPU shader cache mechanism men-
tioned above. The target shared directory may include a
first compilation result obtained by compiling, when run-
ning the game, at least one shader code by the associ-
ated container. It is to be understood that, the target
shared directory is not limited to a first compilation result
of the associated container, and may further include the
first compilation result obtained by compiling, when run-
ning the game, at least one shader code by the target
container. The associated container refers to a system
container running an associated game of the target
game. The associated game may include: the target
game or a game using a same game engine as the target
game.
[0026] It can be learned from the foregoing description
that, in this embodiment of this application, the static
shared GPU shader cache mechanism and the dynamic
shared GPU shader cache mechanism mentioned above
may be used alone or used in combination. The game
resource may only include the game mirror of the target
game when the static shared GPU shader cache mech-
anism is used alone. In this case, a specific implemen-
tation of step S202 may be that: whenthe game mirror of
the target game includes a second compilation result of
the target shader code, the second compilation result of
the target shader code is directly obtained from the game
mirror of the target game as the target compilation result;
and when the game mirror of the target game does not
include the second compilation result of the target shader
code, the target shader code is compiled to obtain the
target compilation result.
[0027] The game resource may only include the target
shared directory between the target container and the
associated container when the dynamic shared GPU
shader cache mechanism is used alone. In this case, a
specific implementation of step S202 may be that: when
the target shared directory includes a first compilation
result of the target shader code, directly obtaining the
first compilation result of the target shader code from the
target shared directory as the target compilation result;
and when the game mirror of the target game does not
include the first compilation result of the target shader
code, compiling the target shader code to obtain the tar-
get compilation result. The first compilation result of the
target shader code may be obtained by compiling the
target shader code by the associated container in a proc-
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ess of running the associated game; or may be obtained
by compiling the target shader code by the target con-
tainer in a historical process of running the target game.
This is not limited in this embodiment of this application.
[0028] The game resource may include the game mir-
ror of the target game and the target shared directory
when the static shared GPU shader cache mechanism
and the dynamic shared GPU shader cache mechanism
are used in combination. In this case, a specific imple-
mentation of step S202 may be that: first detecting wheth-
er a second compilation result of the target shader code
exists in the game mirror of the target game; obtaining
the second compilation result of the target shader code
from the game mirror as the target compilation result
when the second compilation result exists; and obtaining
the first compilation result from the target shared direc-
tory between the target container and the associated con-
tainer of the target container as the target compilation
result of the target shader code whenthe second compi-
lation result does not exist. Whenthe target compilation
result fails to be obtained from the target shared directory,
it indicates that the target compilation result does not
exist in the target shared directory, that is, the target
shader code has not been compiled by the target con-
tainer and the associated container. In this case, the tar-
get container may compile the target shader code to ob-
tain the target compilation result.
[0029] S203: Perform graphic processing according to
the target compilation result, to obtain a feedback image
corresponding to the operation event.
[0030] After step S203 is performed, the image
processing method may further include: displaying the
feedback image on the target game client.
[0031] After obtaining the target compilation result, the
target container may perform a series of graphic process-
ing according to the target compilation result by using
the GPU, to obtain the feedback image corresponding to
the operation event. The graphic processing may include,
but is not limited to: alpha channel combining, and ad-
justment of a pixel value coordinate. After obtaining the
feedback image, the target container may send the feed-
back image to the target game client through a video
stream, to enable the target game client to display the
feedback image.
[0032] In this embodiment of this application, after a
target shader code corresponding to the operation event
is obtained in response to an operation event of a target
game running in a target container, a compilation process
of the target shader code may be skipped to directly ob-
tain a target compilation result of the target shader code
from a game mirror or a target shared directory between
the target container and an associated container of the
target container. Then, graphic processing may be per-
formed according to the target compilation result, to ob-
tain a feedback image corresponding to the operation
event; and the feedback image is displayed on a target
game client. It can be seen that, in this embodiment of
this application, graphic processing is performed by di-

rectly using the target compilation result compiled from
the game mirror or the associated container in the target
shared directory, so that a duration of compiling the target
shader code can be effectively shortened, thereby in-
creasing the running speed of a target game.
[0033] Based on the related description of the embod-
iments of the image processing method shown in FIG.
2, a specific process of producing the game mirror of the
target game and a specific process of mounting the target
shared directory involved in the method embodiment
shown in FIG. 2 are respectively described as follows.

(1) Produce the game mirror of the target game
based on a static shared GPU shader cache mech-
anism
Referring to FIG. 3 a, in a process of producing the
game mirror of the target game, a basic mirror (such
as an Android basic mirror) of a device operating
system may be first loaded; then the target game
may be installed to trigger compilation of a GPU
shader code of a first portion related to the target
game, to obtain a compilation result of the first por-
tion; and the compilation result of the first portion is
added to the game mirror of the target game. In an
implementation, the compilation result of the first por-
tion and the GPU shader code of the first portion may
be directly added to the game mirror of the target
game correspondingly. In another implementation,
the compilation result of the first portion and an index
value of the GPU shader code of the first portion may
be added to the game mirror of the target game cor-
respondingly. The index value may be obtained by
performing a hash operation on the GPU shader
code. Then, the target game may be run and an an-
alog operation event of the target game may be in-
putted to trigger compilation of a GPU shader code
of a second portion corresponding to the analog op-
eration event, to obtain a compilation result of the
second portion. Further, the compilation result of the
second portion is added to the game mirror of the
target game. In an implementation, the compilation
result of the second portion and the GPU shader
code of the second portion may be directly added to
the game mirror of the target game correspondingly.
In another implementation, the compilation result of
the second portion and an index value of the GPU
shader code of the second portion may be added to
the game mirror of the target game correspondingly.

(2) Mount the target shared directory based on the
dynamic shared GPU shader cache mechanism

[0034] First, the target edge server may select the tar-
get shared directory. Then, the target shared directory
may be mounted to the target container and the associ-
ated container, so that in a process of running games in
the target container and the associated container, a first
compilation result of each compiled GPU shader code
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may be synchronously cached in the target shared direc-
tory. Specifically, the target edge server may generate a
directory mounting instruction carrying the target shared
directory; and respectively send the directory mounting
instruction to the target container and the associated con-
tainer, so that the target container may mount the target
shared directory to a dynamic cache directory in the tar-
get container, and the associated container may mount
the target shared directory to a preset directory in the
associated container. After the target shared directory is
successfully mounted to the target container and the as-
sociated container, when the associated container has
compiled at least one GPU shader code and obtained a
corresponding first compilation result during running, the
first compilation result obtained by compiling the GPU
shader code by the associated container may be added
to the target shared directory. Similarly, when the target
container has compiled at least one GPU shader code
and obtained a corresponding first compilation result dur-
ing running, the first compilation result obtained by com-
piling the GPU shader code by the target container may
be added to the target shared directory.
[0035] The target shared directory may support two
selection manners.
[0036] In a first selection manner, a target shared di-
rectory (for example, /home/shadercache) on a server
host (that is, a host) on which the server operating system
of the target edge server resides is selected for use by
all system containers running on the target edge server.
In this selection manner, the target shared directory is
located in the server host on which the server operating
system resides. In an actual application, since the system
container may generate a first compilation result of a cor-
responding GPU shader code in a process of running
different types of cloud games, a data volume of first com-
pilation results of GPU shader codes accumulated by a
plurality of system containers is usually relatively large.
When the plurality of system containers are mounted to
a same shared directory, a data volume of compilation
results cached in the shared directory is relatively large,
and consequently it takes a relatively long time con-
sumed to search the shared directory for a compilation
result of a related GPU shader code. In view of this, the
server host may determine, according to a quantity of
types of the cloud games run on the system containers
in the target edge server, a quantity of shared directories
to be provided.
[0037] When the quantity of types of the cloud games
run on each system container in the target edge server
is relatively small (that is, the quantity of types of the
cloud games is less than a quantity threshold), the server
host may provide only one shared directory, so that the
each system container in the target edge server may be
mounted to the shared directory. In this case, the target
edge server may use the shared directory provided by
the server host as the target shared directory between
the target container and the associated container. That
is, in this implementation, FIG. 3b is a schematic diagram

of mounting a target shared directory by a target contain-
er. As shown in FIG. 3b, since the server host only in-
cludes the target shared directory, the target shared di-
rectory may be used for mounting the target container
and the associated container of the target container and
also used for mounting system containers in the target
edge server that are not related to the target container.
[0038] When the quantity of types of the cloud games
run on the system containers in the target edge server
is relatively large (that is, the quantity of types of the cloud
games is greater than or equal to the quantity threshold),
the server host may provide a plurality of shared direc-
tories. In this case, for related system containers running
a same cloud game or related system containers of a
cloud game sharing a same game engine, the related
system containers are more likely to use a same GPU
shader code, and therefore the related system containers
may be mounted to a same shared directory. In addition,
for unrelated system containers, the unrelated system
containers may be mounted to other shared directories
on the server host. In this case, the target edge server
may randomly select a shared directory from the plurality
of shared directories provided by the server host as the
target shared directory between the target container and
the associated container. That is, in this implementation,
FIG. 3c is a schematic diagram of mounting a target
shared directory by a target container. As shown in FIG.
3c, the server host may include the target shared direc-
tory and also include other shared directories other than
the target shared directory. Therefore, the target shared
directory may only be used for mounting the target con-
tainer and the associated container of the target contain-
er, and the other shared directories in the server host
may be used for mounting the system containers in the
target edge server that are not related to the target con-
tainer. It is to be understood that, when there are a large
quantity of cloud games, the server host may still provide
only one shared directory if an indicator of the time con-
sumed to search the target shared directory for a com-
pilation result of a related GPU shader code is ignored.
[0039] In a second selection manner, a target shared
directory (for example, 192.168.10.10:/mnt/share) is se-
lected from a network file system on the Internet for use
by system containers in all edge servers on the Internet.
The network file system is independent of each edge
server in the cloud gaming system and allows access by
a system container of the each edge server. In this se-
lection manner, the target shared directory is located in
the network file system. In a specific implementation, sim-
ilar to the reason why the server host determines, ac-
cording to a quantity of types of the cloud games run on
the system containers in the target edge server, a quan-
tity of shared directories to be provided, the network file
system may also determine, according to the quantity of
types of the cloud games run on the system containers
in the target edge server, the quantity of shared directo-
ries to be provided.
[0040] When a quantity of types of cloud games run
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on each system container in each edge server in the
cloud gaming system is relatively small (that is, the quan-
tity of types of the cloud games is less than the quantity
threshold), the network file system may provide only one
shared directory, so that the each system container in
the cloud gaming system may be mounted to the shared
directory. In this case, the target edge server may use
the shared directory provided by the network file system
as the target shared directory between the target con-
tainer and the associated container. That is, in this im-
plementation, FIG. 3d is a schematic diagram of mount-
ing a target shared directory by a target container. As
shown in FIG. 3d, since the network file system only in-
cludes the target shared directory, the target shared di-
rectory may be used for mounting the target container
and the associated container of the target container and
also used for mounting system containers in the cloud
gaming system that are not related to the target container.
[0041] When the quantity of types of the cloud gaming
run on each system container in each edge server in the
cloud gaming system is relatively large (that is, the quan-
tity of types of the cloud games is greater than or equal
to the quantity threshold), the network file system may
provide a plurality of shared directories. In this case, for
related system containers running a same cloud game
or related system containers of a cloud game sharing a
same game engine, the related system containers are
more likely to use a same GPU shader code, and there-
fore the related system containers may be mounted to a
same shared directory. In addition, for unrelated system
containers, the unrelated system containers may be
mounted to other shared directories on the network file
system. In this case, the target edge server may randomly
select a shared directory from the plurality of shared di-
rectories provided by the network file system as the target
shared directory between the target container and the
associated container. That is, in this implementation,
FIG. 3e is a schematic diagram of mounting a target
shared directory by a target container. As shown in FIG.
3e, the network file system may include the target shared
directory and also include other shared directories other
than the target shared directory. Therefore, the target
shared directory may only be used for mounting the target
container and the associated container of the target con-
tainer, and the other shared directories in the network
file system may be used for mounting the system con-
tainers in the cloud gaming system that are not related
to the target container. It is to be understood that, when
there are a large quantity of cloud games, the network
file system may provide only one shared directory if an
indicator of the time consumed to search the target
shared directory for a compilation result of a related GPU
shader code is ignored.
[0042] In an actual application, the target edge server
may randomly select either of the foregoing two selection
manners to determine the target shared directory. Fur-
ther, in the first selection manner, the target shared di-
rectory is selected from the server host, and both the

target shared directory and the target container exist on
the target edge server. Therefore, an access speed of
the target container to each first compilation result in the
target shared directory can be ensured. However, in the
second manner, the target shared directory is selected
from the network file system, and the network file system
and the target edge server are independent of each other.
Therefore, the access speed of the target container to
each first compilation result in the target shared directory
may be relatively low due to factors such as network con-
gestion. In view of this, the target edge server may select
one selection manner from the foregoing two selection
manners according to an actual condition of the access
speed of the network file system, to determine the target
shared directory. Specifically, when the access speed of
the network file system cannot be ensured, the first se-
lection manner may be selected to determine the target
shared directory; and when that the access speed of the
network file system can be ensured, the second selection
manner may be selected to determine the target shared
directory.
[0043] It is to be understood that the selecting the se-
lection manner according to a parameter such as the
access speed of the network file system described in this
embodiment of this application is merely exemplary rath-
er than exhaustive. That is, in other embodiments, the
selection manner may be selected according to other pa-
rameters. For example, since the first selection manner
is to select the target shared directory from the server
host, each first compilation result in the target shared
directory cannot be accessed by system containers in
other edge servers. However, since the second selection
manner is to select the target shared directory from the
network file system, the each first compilation result in
the target shared directory can be accessed by the sys-
tem containers in the other edge servers. In view of this,
the target edge server may select one selection manner
from the foregoing two selection manners according to
an actual gaming deployment requirement, to determine
the target shared directory. Specifically, when the gaming
deployment requirement indicates that there is no need
to share compilation results between different edge serv-
ers, the first selection manner may be selected to deter-
mine the target shared directory; and when the gaming
deployment requirement indicates that there is a need to
share compilation results between different edge serv-
ers, the second selection manner is selected to deter-
mine the target shared directory.
[0044] Further, based on the related description of the
embodiments of the image processing method shown in
FIG. 2, the specific process of producing the game mirror
of the target game based on the static shared GPU shad-
er cache mechanism, and the specific process of mount-
ing the target shared directory based on the dynamic
shared GPU shader cache mechanism, an embodiment
of this application further provides a more specific sche-
matic flowchart of an image processing method. In this
embodiment of this application, the description is provid-
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ed mainly by using an example in which the static shared
GPU shader cache mechanism and the dynamic shared
GPU shader cache mechanism are used in combination.
The image processing method may be performed by the
target container running in the target edge server in the
cloud gaming system mentioned above. The target con-
tainer is enabled by loading the game mirror of the target
game, and the game mirror of the target container may
include a second compilation result of at least one shader
code compiled by pre-running the target game. Referring
to FIG. 4, the image processing method may include the
following steps S401 to S407.
[0045] S401: Receive a directory mounting instruction
sent by the target edge server, the directory mounting
instruction carrying the target shared directory.
[0046] S402: Designate a dynamic cache directory in
the target container, and mount the target shared direc-
tory to the dynamic cache directory.
[0047] In an implementation, one directory may be des-
ignated in the target container as the dynamic cache di-
rectory. That is, in this implementation, the dynamic
cache directory may be the same as or different from a
storage directory of the second compilation result in the
game mirror. In another implementation, when the target
shared directory is mounted inside the target container,
files in a corresponding directory inside the target shared
directory to which the target shared directory is mounted
may be cleared due to a limitation by a container directory
mounting implementation. Therefore, to prevent the sec-
ond compilation result in the game mirror from being
cleared, two different environment variables may be used
inside the target container to respectively designate the
dynamic cache directory used for mounting the target
shared directory and the storage directory of the second
compilation result in the game mirror, so that the dynamic
cache directory and the storage directory of the second
compilation result are separated. In this way, when the
target shared directory is mounted to the dynamic cache
directory, only files in the dynamic cache directory are
cleared, and the second compilation result in the storage
directory is not affected.
[0048] In this implementation, the dynamic cache di-
rectory may be designated by using a first environment
variable. The first environment variable may include, but
is not limited to an environment variable
"MESA_GLSL_CACHE_DIR" in a Mesa code. The stor-
age directory of the second compilation result in the game
mirror may be designated by using a second environment
variable. Specifically, the second environment variable
may include, but is not limited to an environment variable
"MESA_GLSL_CACHE_DIR STATIC" in the Mesa code.
Mesa is an open-source computer graphics library. Mesa
may be used for implementing an application interface
of opengl/opengles. Opengl is mainly a cross-platform
application programming interface (API) used for render-
ing 3D graphics. Opengles is a subset of the opengl API
and is mainly used in an embedded device (such as a
smartphone).

[0049] After the dynamic cache directory is designated
in the target container, the target shared directory may
be mounted to the dynamic cache directory, to keep data
between the target shared directory and the dynamic
cache directory synchronized. The target shared direc-
tory is also mounted to a preset directory of the associ-
ated container, to cache the first compilation result ob-
tained by compiling, when running the associated game,
at least one shader code by the associated container.
For example, when the target shared directory is located
on the server host, if the server host only includes the
target shared directory, reference may be made to FIG.
5a for a schematic diagram of mounting the target shared
directory; and if the server host includes the target shared
directory and other shared directories, reference may be
made to FIG. 5b for a schematic diagram of mounting
the target shared directory. In another example, when
the target shared directory is located on the network file
system, if the network file system only includes the target
shared directory, reference may be made to FIG. 5c for
a schematic diagram of mounting the target shared di-
rectory; and if the network file system includes the target
shared directory and other shared directories, reference
may be made to FIG. 5d for a schematic diagram of
mounting the target shared directory.
[0050] S403: Obtain, in response to an operation event
of a target game running in a target container, a target
shader code corresponding to the operation event.
[0051] S404: Detect whether a second compilation re-
sult of the target shader code exists in the game mirror
of the target game.
[0052] Based on the above, the game mirror may in-
clude a second compilation result of at least one shader
code compiled by pre-running the target game. In an im-
plementation, the game mirror may further include a
shader code corresponding to each second compilation
result. In this implementation, it may be directly detected
whether the target shader code is included in the game
mirror of the target game. It may be determined that the
second compilation result of the target shader code exists
in the game mirror when the target shader code is includ-
ed in the game mirror; and it may be determined that the
second compilation result of the target shader code does
not exist in the game mirror when the target shader code
is not included in the game mirror.
[0053] In another implementation, the game mirror
may further include an index value of at least one shader
code, and each index value corresponds to one second
compilation result. Therefore, in this implementation, a
hash operation may be performed on the target shader
code, to obtain a target index value of the target shader
code. Then, it is detected whether the target index value
is included in the game mirror. It may be determined that
the second compilation result of the target shader code
exists in the game mirror when the target index value is
included in the game mirror; and it may be determined
that the second compilation result of the target shader
code does not exist in the game mirror when the target
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index value is not included in the game mirror.
[0054] Step S405 may be performed when the second
compilation result of the target shader code exists in the
game mirror; and step S406 may be performed when the
second compilation result of the target shader code does
not exist in the game mirror.
[0055] Step S405: Obtain the second compilation re-
sult of the target shader code from the game mirror as
the target compilation result when the second compila-
tion result exists.
[0056] Step S406: Obtain the first compilation result
from the target shared directory between the target con-
tainer and the associated container of the target contain-
er as the target compilation result of the target shader
code when the second compilation result does not exist.
[0057] In a specific implementation, the target shared
directory may include a first compilation result of at least
one shader code, and each first compilation result may
correspond to one index value. Reference may be made
to FIG. 5e together for a specific implementation of step
S406. Specifically, the target container may search the
target shared directory to determine whether a target in-
dex value exists. When the target index value exists, a
code compilation process may be skipped to directly ob-
tain a first compilation result corresponding to the target
index value as the target compilation result. When the
target shader code does not exist, it indicates that the
game resource does not include the target compilation
result of the target shader code. Therefore, the target
shader code may be compiled to obtain the target com-
pilation result; and the target compilation result is cached
to the dynamic cache directory, to synchronize the target
compilation result to the target shared directory, so that
the associated container directly obtains the target com-
pilation result from the target shared directory when the
target shader code needs to be compiled. In addition, the
target index value of the target shader code may be
cached to the dynamic cache directory together, to syn-
chronize the target index value to the target shared di-
rectory.
[0058] S407: Perform graphic processing according to
the target compilation result, to obtain a feedback image
corresponding to the operation event. After step S407 is
performed, the image processing method may further in-
clude: displaying the feedback image on the target game
client.
[0059] In this embodiment of this application, after a
target shader code corresponding to the operation event
is obtained in response to an operation event of a target
game running in a target container, a compilation process
of the target shader code may be skipped to directly ob-
tain a target compilation result of the target shader code
from a game mirror or a target shared directory between
the target container and an associated container of the
target container. Then, graphic processing may be per-
formed according to the target compilation result, to ob-
tain a feedback image corresponding to the operation
event; and the feedback image is displayed on a target

game client. It can be seen that, in this embodiment of
this application, graphic processing is performed by di-
rectly using the target compilation result compiled from
the game mirror or the associated container in the target
shared directory, so that a duration of compiling the target
shader code can be effectively shortened, thereby in-
creasing the running speed of a target game.
[0060] Based on the foregoing description of the em-
bodiments of the image processing method, an embod-
iment of this application further discloses an image
processing apparatus. The image processing apparatus
may be a computer program (including program code)
run in the target edge server. The image processing ap-
paratus may perform the method shown in FIG. 2 or FIG.
4. Referring to FIG. 6, the image processing apparatus
may operate the following units:

an obtaining unit 601, configured to obtain, in re-
sponse to an operation event of a target game run-
ning in a target container, a target shader code cor-
responding to the operation event, the operation
event being detected in a game picture of the target
game displayed on a target game client that is con-
nected to the target container; and

the obtaining unit 601 being further configured to ob-
tain a target compilation result of the target shader
code from a game resource, the game resource in-
cluding at least one of the following: a game mirror
of the target game and a target shared directory be-
tween the target container and an associated con-
tainer of the target container, the target shared di-
rectory including a first compilation result obtained
by compiling, when running the game, at least one
shader code by the associated container; and

a processing unit 602, configured to: perform graphic
processing according to the target compilation re-
sult, to obtain a feedback image corresponding to
the operation event; and display the feedback image
on the target game client.

[0061] In an implementation, the game resource in-
cludes the game mirror and the target shared directory;
the game mirror includes a second compilation result of
at least one shader code compiled by pre-running the
target game, and each second compilation result is add-
ed to the game mirror in a process of producing the game
mirror; and Correspondingly, when the obtaining unit 601
is configured to obtain the target compilation result of the
target shader code from the game resource, the obtaining
unit 601 may further be configured to:

detect whether a second compilation result of the
target shader code exists in the game mirror of the
target game;

obtain the second compilation result of the target
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shader code from the game mirror as the target com-
pilation result when the second compilation result
exists; and

obtain the first compilation result from the target
shared directory between the target container and
the associated container of the target container as
the target compilation result of the target shader
code when the second compilation result does not
exist.

[0062] In another implementation, the game mirror fur-
ther includes an index value of at least one shader code,
and each index value corresponds to one second com-
pilation result. Correspondingly, when the obtaining unit
601 is configured to detect whether a second compilation
result of the target shader code exists in the game mirror
of the target game, the obtaining unit 601 may further be
configured to:

perform a hash operation on the target shader code,
to obtain a target index value of the target shader
code;

determine that the second compilation result of the
target shader code exists in the game mirror when
the target index value is included in the game mirror;
and

determine that the second compilation result of the
target shader code does not exist in the game mirror
when the target index value is not included in the
game mirror.

[0063] In another implementation, the target game is
a cloud game in a cloud gaming system, and the cloud
gaming system includes at least one edge server and a
plurality of game clients; at least one system container
is deployed inside each edge server, and each system
container is connected to at least one game client; and

the each system container is configured to run one
or more games, and in a process of running any
game, the each system container transmits a game
picture of the any game to the game client to which
the system container is connected for display, where

the target container is any system container running
based on a server operating system of a target edge
server, and the target edge server is any edge server
in the cloud gaming system; and the associated con-
tainer is a system container running an associated
game of the target game, and the associated game
includes: the target game or a game using a same
game engine as the target game.

[0064] In another implementation, the processing unit
602 may further be configured to:

receive a directory mounting instruction transmitted
by the target edge server, the directory mounting in-
struction carrying the target shared directory; and

designate a dynamic cache directory in the target
container, and mount the target shared directory to
the dynamic cache directory, to keep data between
the target shared directory and the dynamic cache
directory synchronized, where

the target shared directory is also mounted to a pre-
set directory of the associated container, to cache
the first compilation result obtained by compiling,
when running the associated game, at least one
shader code by the associated container.

[0065] In another implementation, the dynamic cache
directory is designated by using a first environment var-
iable, and the second compilation result is designated in
a storage directory of the game mirror by using a second
environment variable.
[0066] In another implementation, the target shared di-
rectory is located in a server host on which the server
operating system resides. Alternatively,
the target shared directory is located in a network file
system, and the network file system is independent of
each edge server in the cloud gaming system and allows
assess by a system container of the each edge server.
[0067] In another implementation, when the target
shared directory is located in the server host, the server
host further includes other shared directories other than
the target shared directory, and the other shared direc-
tories in the server host are used for mounting system
containers in the target edge server that are not related
to the target container.
[0068] When the target shared directory is located in
the network file system, the network file system further
includes other shared directories other than the target
shared directory, and the other shared directories in the
network file system are used for mounting system con-
tainers in the cloud gaming system that are not related
to the target container.
[0069] In another implementation, the game resource
does not include the target compilation result of the target
shader code. Correspondingly, the processing unit 602
may further be configured to:

when the target compilation result fails to be obtained
from the game resource, compile the target shader
code to obtain the target compilation result; and

cache the target compilation result to the dynamic
cache directory, to synchronize the target compila-
tion result to the target shared directory, so that the
associated container obtains the target compilation
result from the target shared directory when the tar-
get shader code needs to be compiled.
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[0070] According to an embodiment of this application,
the steps involved in the method shown in FIG. 2 or FIG.
4 may be performed by the units of the image processing
apparatus shown in FIG. 6. For example, steps S201 and
S202 shown in FIG. 2 may be performed by the obtaining
unit 601 shown in FIG. 6, and step S203 may be per-
formed by the processing unit 602 shown in FIG. 6. In
another example, steps S401, S402, and S407 shown in
FIG. 4 may be performed by the processing unit 602
shown in FIG. 6, and steps S403 to S406 may be per-
formed by the obtaining unit 601 shown in FIG. 6.
[0071] According to another embodiment of this appli-
cation, the units of the image processing apparatus
shown in FIG. 6 may be separately or wholly combined
into one or several other units, or one (or more) of the
units may further be divided into a plurality of units of
smaller functions. In this way, same operations may be
implemented, and the implementation of the technical
effects of the embodiments of this application is not af-
fected. The foregoing units are divided based on logical
functions. In an actual application, a function of one unit
may also be implemented by a plurality of units, or func-
tions of a plurality of units are implemented by one unit.
In other embodiments of this application, the image
processing apparatus may also include other units. In an
actual application, the functions may also be coopera-
tively implemented by other units and may be coopera-
tively implemented by a plurality of units.
[0072] According to another embodiment of this appli-
cation, a computer program (including program code)
that can perform the steps in the corresponding method
shown in FIG. 2 or FIG. 4 may be run on a general-pur-
pose computing device such as a computer, which in-
cludes processing elements and storage elements such
as a CPU, a random access memory (RAM), and a read-
only memory (ROM), to construct the image processing
apparatus shown in FIG. 6, and implement the image
processing method in the embodiments of this applica-
tion. The computer program may be recorded in, for ex-
ample, a computer-readable storage medium, and may
be loaded into the foregoing computing device by using
the computer-readable storage medium, and run in the
computing device.
[0073] In this embodiment of this application, after a
target shader code corresponding to the operation event
is obtained in response to an operation event of a target
game running in a target container, a compilation process
of the target shader code may be skipped to directly ob-
tain a target compilation result of the target shader code
from a game mirror or a target shared directory between
the target container and an associated container of the
target container. Then, graphic processing may be per-
formed according to the target compilation result, to ob-
tain a feedback image corresponding to the operation
event; and the feedback image is displayed on a target
game client. It can be seen that, in this embodiment of
this application, graphic processing is performed by di-
rectly using the target compilation result compiled from

the game mirror or the associated container in the target
shared directory, so that a duration of compiling the target
shader code can be effectively shortened, thereby in-
creasing the running speed of a target game.
[0074] Based on the descriptions of the foregoing
method embodiments and apparatus embodiments, an
embodiment of this application further provides a server.
The server may be the target edge server mentioned
above. Referring to FIG. 7, the server includes at least a
processor 701, an input interface 702, an output interface
703, and a computer storage medium 704. The processor
701, the input interface 702, the output interface 703, and
the computer storage medium 704 in the server may be
connected by using a bus or in another manner.
[0075] The computer storage medium 704 is a memory
device in the server and is configured to store programs
and data. It may be understood that, the computer stor-
age medium 704 may include an internal storage medium
of the server and may also include an expanded storage
medium supported by the server. The computer storage
medium 704 provides a storage space storing an oper-
ating system of the server. In addition, the storage space
further stores one or more instructions adapted to be
loaded and executed by the processor 701. The instruc-
tions may be one or more computer programs (including
program code). The computer storage medium may be
a high-speed RAM, or may be a non-volatile memory, for
example, at least one magnetic disk memory. Alterna-
tively, the computer storage medium may also be at least
one computer storage medium far away from the fore-
going processor. The processor 701 (or referred to as a
CPU) is a computing core and a control core of the server,
which is adapted to implement one or more instructions,
and specifically, adapted to load and execute one or more
instructions to implement corresponding method proc-
esses or corresponding functions.
[0076] In another embodiment, the processor 701 may
load and execute one or more instructions stored in the
computer storage medium 704, to implement corre-
sponding steps of the embodiments of the image
processing method shown in FIG. 2 or FIG. 4. In a specific
implementation, the one or more instructions in the com-
puter storage medium 704 are loaded by the processor
701 to further perform the following steps:

obtaining, in response to an operation event of a tar-
get game running in a target container, a target shad-
er code corresponding to the operation event, where
the operation event is detected in a game picture of
the target game displayed on a target game client
that is connected to the target container;

obtaining a target compilation result of the target
shader code from a game resource, the game re-
source including at least one of the following: a game
mirror of the target game and a target shared direc-
tory between the target container and an associated
container of the target container, the target shared
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directory including a first compilation result obtained
by compiling, when running the game, at least one
shader code by the associated container; and

performing graphic processing according to the tar-
get compilation result, to obtain a feedback image
corresponding to the operation event; and displaying
the feedback image on the target game client.

[0077] In an implementation, the game resource in-
cludes the game mirror and the target shared directory;
the game mirror includes a second compilation result of
at least one shader code compiled by pre-running the
target game, and each second compilation result is add-
ed to the game mirror in a process of producing the game
mirror; and Correspondingly, in a process of obtaining a
target compilation result of the target shader code from
a game resource, the one or more instructions may be
loaded by the processor 701 to specifically perform the
following steps:

detecting whether a second compilation result of the
target shader code exists in the game mirror of the
target game;

obtaining the second compilation result of the target
shader code from the game mirror as the target com-
pilation result when the second compilation result
exists; and

obtaining the first compilation result from the target
shared directory between the target container and
the associated container of the target container as
the target compilation result of the target shader
code when the second compilation result does not
exist.

[0078] In another implementation, the game mirror fur-
ther includes an index value of at least one shader code,
and each index value corresponds to one second com-
pilation result. Correspondingly, in a process of detecting
whether a second compilation result of the target shader
code exists in the game mirror of the target game, the
one or more instructions may be loaded by the processor
701 to specifically perform the following steps:

performing a hash operation on the target shader
code, to obtain a target index value of the target
shader code;

determining that the second compilation result of the
target shader code exists in the game mirror when
the target index value is included in the game mirror;
and

determining that the second compilation result of the
target shader code does not exist in the game mirror
when the target index value is not included in the

game mirror.

[0079] In another implementation, the target game is
a cloud game in a cloud gaming system, and the cloud
gaming system includes at least one edge server and a
plurality of game clients; at least one system container
is deployed inside each edge server, and each system
container is connected to at least one game client; and

the each system container is configured to run one
or more games, and in a process of running any
game, the each system container transmits a game
picture of the any game to the game client to which
the system container is connected for display, where

the target container is any system container running
based on a server operating system of a target edge
server, and the target edge server is any edge server
in the cloud gaming system; and the associated con-
tainer is a system container running an associated
game of the target game, and the associated game
includes: the target game or a game using a same
game engine as the target game.

[0080] In another implementation, the one or more in-
structions may further be loaded by the processor 701
to perform the following steps:

receiving a directory mounting instruction transmit-
ted by the target edge server, the directory mounting
instruction carrying the target shared directory; and

designating a dynamic cache directory in the target
container, and mounting the target shared directory
to the dynamic cache directory, to keep data be-
tween the target shared directory and the dynamic
cache directory synchronized, where

the target shared directory is also mounted to a pre-
set directory of the associated container, to cache
the first compilation result obtained by compiling,
when running the associated game, at least one
shader code by the associated container.

[0081] In another implementation, the dynamic cache
directory is designated by using a first environment var-
iable, and the second compilation result is designated in
a storage directory of the game mirror by using a second
environment variable.
[0082] In another implementation, the target shared di-
rectory is located in a server host on which the server
operating system resides. Alternatively,
the target shared directory is located in a network file
system, and the network file system is independent of
each edge server in the cloud gaming system and allows
assess by a system container of the each edge server.
[0083] In another implementation, when the target
shared directory is located in the server host, the server
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host further includes other shared directories other than
the target shared directory, and the other shared direc-
tories in the server host are used for mounting system
containers in the target edge server that are not related
to the target container.
[0084] When the target shared directory is located in
the network file system, the network file system further
includes other shared directories other than the target
shared directory, and the other shared directories in the
network file system are used for mounting system con-
tainers in the cloud gaming system that are not related
to the target container.
[0085] In another implementation, the game resource
does not include the target compilation result of the target
shader code. Correspondingly, the one or more instruc-
tions may further be loaded by the processor 701 to per-
form the following steps:

when the target compilation result fails to be obtained
from the game resource, compiling the target shader
code to obtain the target compilation result; and

caching the target compilation result to the dynamic
cache directory, to synchronize the target compila-
tion result to the target shared directory, so that the
associated container obtains the target compilation
result from the target shared directory when the tar-
get shader code needs to be compiled.

[0086] In this embodiment of this application, after a
target shader code corresponding to the operation event
is obtained in response to an operation event of a target
game running in a target container, a compilation process
of the target shader code may be skipped to directly ob-
tain a target compilation result of the target shader code
from a game mirror or a target shared directory between
the target container and an associated container of the
target container. Then, graphic processing may be per-
formed according to the target compilation result, to ob-
tain a feedback image corresponding to the operation
event; and the feedback image is displayed on a target
game client. It can be seen that, in this embodiment of
this application, graphic processing is performed by di-
rectly using the target compilation result compiled from
the game mirror or the associated container in the target
shared directory, so that a duration of compiling the target
shader code can be effectively shortened, thereby in-
creasing the running speed of a target game.
[0087] According to an aspect of the embodiments of
this application, a computer program product or a com-
puter program is further provided, the computer program
product or the computer program including computer in-
structions, the computer instructions being stored in a
computer-readable storage medium. The processor of
the computer device reads the computer instructions
from the computer-readable storage medium, and the
processor executes the computer instructions, to cause
the computer device to perform the steps of the foregoing

embodiments of the image processing method shown in
FIG. 2 or FIG. 4.
[0088] It is to be understood that, the description dis-
closed above is merely exemplary embodiments of this
application, and certainly is not intended to limit the scope
of the claims of this application. Therefore, equivalent
variations made according to the claims of this applica-
tion shall fall within the scope of this application.

Claims

1. An image processing method, comprising:

obtaining, in response to an operation event of
a target game running in a target container, a
target shader code corresponding to the opera-
tion event;
obtaining a target compilation result of the target
shader code from a game resource, the game
resource comprising at least one of the follow-
ing: a game mirror of the target game and a tar-
get shared directory between the target contain-
er and an associated container of the target con-
tainer, the target shared directory comprising a
first compilation result obtained by compiling,
when running the game, at least one shader
code by the associated container; and
performing graphic processing according to the
target compilation result, to obtain a feedback
image corresponding to the operation event.

2. The method according to claim 1, wherein the game
resource comprises the game mirror and the target
shared directory; the game mirror comprises a sec-
ond compilation result of at least one shader code
compiled by pre-running the target game, and each
second compilation result is added to the game mir-
ror in a process of producing the game mirror; and
the obtaining a target compilation result of the target
shader code from a game resource comprises:

detecting whether a second compilation result
of the target shader code exists in the game mir-
ror of the target game;
obtaining the second compilation result of the
target shader code from the game mirror as the
target compilation result when the second com-
pilation result exists; and
obtaining the first compilation result from the tar-
get shared directory between the target contain-
er and the associated container of the target
container as the target compilation result of the
target shader code when the second compila-
tion result does not exist.

3. The method according to claim 2, wherein the game
mirror further comprises an index value of at least
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one shader code, and each index value corresponds
to one second compilation result; and the detecting
whether a second compilation result of the target
shader code exists in the game mirror of the target
game comprises:

performing a hash operation on the target shad-
er code, to obtain a target index value of the
target shader code;
determining that the second compilation result
of the target shader code exists in the game mir-
ror when the game mirror comprises the target
index value; and
determining that the second compilation result
of the target shader code does not exist in the
game mirror when the game mirror does not
comprise the target index value.

4. The method according to claim 1, wherein the target
game is a cloud game in a cloud gaming system,
and the cloud gaming system comprises at least one
edge server and a plurality of game clients; at least
one system container is deployed inside each edge
server, and each system container is connected to
at least one game client; and

the each system container is configured to run
one or more games, and in a process of running
any game, the each system container transmits
a game picture of the any game to the game
client to which the system container is connect-
ed for display, wherein
the target container is a system container run-
ning based on a server operating system of a
target edge server, and the target edge server
is any edge server in the cloud gaming system;
and the associated container is a system con-
tainer running an associated game of the target
game, and the associated game comprises: the
target game or a game using a same game en-
gine as the target game.

5. The method according to claim 4, further comprising:

receiving a directory mounting instruction trans-
mitted by the target edge server, the directory
mounting instruction carrying the target shared
directory; and
designating a dynamic cache directory in the tar-
get container, and mounting the target shared
directory to the dynamic cache directory, to keep
data between the target shared directory and
the dynamic cache directory synchronized,
wherein
the target shared directory is mounted to a pre-
set directory of the associated container, to
cache the first compilation result obtained by
compiling, when running the associated game,

at least one shader code by the associated con-
tainer.

6. The method according to claim 5, wherein the dy-
namic cache directory is designated by using a first
environment variable, and the second compilation
result is designated in a storage directory of the game
mirror by using a second environment variable.

7. The method according to any one of claims 4 to 6,
wherein the target shared directory is located in a
server host on which the server operating system
resides.

8. The method according to any one of claims 4 to 6,
wherein the shared directory is located in a network
file system, and the network file system is independ-
ent of each edge server in the cloud gaming system
and is accessible to a system container of each edge
server.

9. The method according to claim 7, wherein the server
host further comprises other shared directories dis-
tinct from than the target shared directory, and the
other shared directories in the server host are used
for mounting system containers in the target edge
server that are not related to the target container.

10. The method according to claim 8, wherein the net-
work file system further comprises shared directories
distinct from the target shared directory, and the oth-
er shared directories in the network file system are
used for mounting system containers in the cloud
gaming system that are not related to the target con-
tainer.

11. The method according to claim 5, wherein the game
resource does not comprise the target compilation
result of the target shader code, and the method fur-
ther comprises:

when the target compilation result fails to be ob-
tained from the game resource, compiling the
target shader code to obtain the target compila-
tion result; and
caching the target compilation result to the dy-
namic cache directory, to synchronize the target
compilation result to the target shared directory,
wherein the associated container obtains the
target compilation result from the target shared
directory when the target shader code needs to
be compiled.

12. The method according to claim 1, wherein the oper-
ation event is detected in a game picture of the target
game displayed on a target game client that is con-
nected to the target container, and after the feedback
image corresponding to the operation event is ob-
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tained, the method further comprises:
displaying the feedback image on the target game
client.

13. An image processing apparatus, comprising:

an obtaining unit, configured to obtain, in re-
sponse to an operation event of a target game
running in a target container, a target shader
code corresponding to the operation event,
the obtaining unit being further configured to ob-
tain a target compilation result of the target shad-
er code from a game resource, the game re-
source comprising at least one of the following:
a game mirror of the target game and a target
shared directory between the target container
and an associated container of the target con-
tainer, the target shared directory comprising a
first compilation result obtained by compiling,
when running the game, at least one shader
code by the associated container; and
a processing unit, configured to perform graphic
processing according to the target compilation
result, to obtain a feedback image correspond-
ing to the operation event.

14. The apparatus according to claim 13, wherein the
game resource comprises the game mirror and the
target shared directory; the game mirror comprises
a second compilation result of at least one shader
code compiled by pre-running the target game, and
each second compilation result is added to the game
mirror in a process of producing the game mirror; and
the obtaining unit is further configured to:

detect whether a second compilation result of
the target shader code exists in the game mirror
of the target game;
obtain the second compilation result of the target
shader code from the game mirror as the target
compilation result when the second compilation
result exists; and
obtain the first compilation result from the target
shared directory between the target container
and the associated container of the target con-
tainer as the target compilation result of the tar-
get shader code when the second compilation
result does not exist.

15. The apparatus according to claim 14, wherein the
game mirror further comprises an index value of at
least one shader code, and each index value corre-
sponds to one second compilation result; and
the obtaining unit is further configured to:

perform a hash operation on the target shader
code, to obtain a target index value of the target
shader code;

determine that the second compilation result of
the target shader code exists in the game mirror
when the game mirror comprises the target in-
dex value; and
determine that the second compilation result of
the target shader code does not exist in the
game mirror when the game mirror does not
comprise the target index value.

16. The apparatus according to claim 13, wherein the
target game is a cloud game in a cloud gaming sys-
tem, and the cloud gaming system comprises at least
one edge server and a plurality of game clients; at
least one system container is deployed inside each
edge server, and each system container is connect-
ed to at least one game client; and

the each system container is configured to run
one or more games, and in a process of running
any game, the each system container transmits
a game picture of the any game to the game
client to which the system container is connect-
ed for display, wherein
the target container is a system container run-
ning based on a server operating system of a
target edge server, and the target edge server
is any edge server in the cloud gaming system;
and the associated container is a system con-
tainer running an associated game of the target
game, and the associated game comprises: the
target game or a game using a same game en-
gine as the target game.

17. The apparatus according to claim 16, wherein the
processing unit is further configured to:

receive a directory mounting instruction trans-
mitted by the target edge server, the directory
mounting instruction carrying the target shared
directory; and
designate a dynamic cache directory in the tar-
get container, and mount the target shared di-
rectory to the dynamic cache directory, to keep
data between the target shared directory and
the dynamic cache directory synchronized,
wherein
the target shared directory is mounted to a pre-
set directory of the associated container, to
cache the first compilation result obtained by
compiling, when running the game, at least one
shader code by the associated container.

18. The apparatus according to claim 13, wherein the
operation event is detected in a game picture of the
target game displayed on a target game client that
is connected to the target container, and the process-
ing unit is further configured to:
display the feedback image on the target game cli-
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ent.

19. A server, comprising an input interface and an output
interface, the server further comprising:

a computer storage medium, configured to store
one or more instructions; and
a processor, configured to load the one or more
instructions stored in the computer storage me-
dium, to perform the image processing method
according to any one of claims 1 to 12.

20. A computer storage medium, storing one or more
instructions, the one or more instructions being con-
figured to be loaded by a processor to perform the
image processing method according to any one of
claims 1 to 12.
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